SUMMARY The dimension, contractility, and regional wall motion of the right and left ventricles were scored on the angiograms of 13 patients with arrhythmogenic right ventricular dysplasia. In 10 patients the right ventricle was enlarged, in eight the contractility of the right ventricle was reduced, and in all but one patient there were regional wall motion abnormalities of the right ventricle. The most common abnormality of regional wall motion was mild hypokinesia. There were bulging or dyskinetic areas in seven patients. Regional wall motion abnormalities of the left ventricle were found in five patients, two of whom also had bulging or dyskinetic areas. The reproducibility of right ventricular dimension, contractility, and regional wall motion scores was generally fair but varied unexpectedly both within and between two observers (Kendall's Tau 0 38-092). The score values ofregional wall motion for some ofthe segments differed considerably within and between observers. One ofthe observers consistently gave higher scores than the other.
Recently, certain regional right ventricular angiographic characteristics were suggested as diagnostic criteria for this disorder." It is not known how reproducible these measurements are, however.
The objective of our study was to describe and
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Patients and methods
We studied 13 The numbers of patients are shown unless stated otherwise. Mild hypokinesia was the most frequent regional wall motion abnormality (21 regions); this was evenly distributed among the segments in the right ventricle. Dyskinesia was most often seen in the inferobasal region (R8), which was also the most commonly involved region in arrhythmogenic right ventricular dysplasia. LAO, left anterior oblique view; R, right ventricular segment; RAO, right anterior oblique view.
be safely discontinued at the time of the study (table 1) .
STATISTICAL METHODS
To assess the reproducibility of right-ventricular findings, between and within observers, each angiogram was interpreted both by a pair of observers on one occasion (observers 1) and also by one observer (observer 2) on two occasions separated by an interval of several weeks. We assessed the reproducibility by calculating Kendall's Taub, which is a measure of rank correlation."6 Kendall's Tau was also used to test the null hypothesis of zero correlation in the underlying population. To assess whether there was any bias in awarding high or low scores we compared the proportions of high scores for each of the ten variables (dimension, contractility, and regional wall motion in segment Rl to R8) awarded by observers 1 and 2 and between the first and second interpretation of observer 2. Scores of 3 and 4 or 4 and 5 were defined as high for global and regional changes respectively. The two sided exact binomial test (sign-test) was used to compare the proportions.
Results

MORPHOLOGICAL FINDINGS
The following angiographic findings were reported by the two observers. The right ventricle was enlarged in ten patients, eight of whom also had a reduced overall contractility. All but one patient (case 15) had abnormal regional wall motion of the right ventricle. This patient, however, was twice judged by observer 2 to have abnormal wall motion on angiography. The most frequent local wall motion abnormality was a (~~~~~~~~~~~~~~~~~--?^^-----------a t mild hypokinesia (table 2). Most changes in regional wall motion were found in the inferior portion of the right ventricle (segments R7 and R8). Pronounced bulging, outpouchings, or dyskinetic areas were found in seven patients. These changes were most common in the inferior segments (fig 2) , but were also seen in the anterolateral, septal, and apical regions (table 2) . Elimination ofdye in the dyskinetic regions was always slow. Deep fissuring of the anterior right ventricular wall was evident in one patient (case 3) (fig 3) . A wide right ventricular outflow tract was found in six patients. The right ventricle was considerably trabeculated in two patients (cases 2 and 3) (fig 4) . In two patients (cases 8 and 13) abnormal regional wall motion was recognised only in one projection; this was the left anterior oblique and right anterior oblique respectively.
The left ventricle was slightly or moderately enlarged in three patients (cases 3, 11, and 16), all of whom had a considerably enlarged right ventricle. The overall contractility was classified as fair in two patients (cases 16 and 19) and poor in one (case 3), but it was normal in all other patients. Abnormal regional wall motion of the left ventricle was found in four patients, all of whom had evidence of functional impairment and three of whom had only mild hypokinesia. Outpouchings or dyskinetic regions were found in only one patient (case 3). This patient I ' Table 3 shows the reproducibility ofright ventricular findings within and between observers. Although there was a statistically significant positive correlation between dimension scores, contractility scores, and, in most segments, between regional wall motion scores within and between observers, reproducibility as measured by Kendall's Tau was generally only fair. The reproducibility of regional wall motion The sensitivity and the specificity of angiographic changes in identifying patients with arrhythmogenic right ventricular dysplasia are not known, and will presumably be difficult to assess. There are no published reports of evaluations of regional wall motion by right ventricular angiography in normal subjects. Owing to the high radiographic exposure, we did not consider it ethical to perform angiography in healthy individuals. The assessment of the reproducibility of right ventricular angiographic estimations within and between observers was thus all the more important, particularly because as far as we know this aspect has not been studied before. Since our data consisted of non-numerical observations (ranked classes, scores) any statistical computation based on numerical operations of the data beyond ranking was not possible.
REPRODUCIBILITY OF RIGHT VENTRICULAR FINDINGS
The correlation between right ventricular scores was positive and statistically significant both within and between observers for most variables, but it varied considerably among segments. The right ventricular apical segment (R6) gave poor reproducibility both within and between observers for scores of regional wall motion. This segment was also regarded as the most difficult one to image and to evaluate. The larger proportion of high scores reported by observer 1 compared with observer 2 was discouraging but may be related to their different experiences. The most important finding, however, was that there were large differences in the scores for some of the variables, both within and between observers. There is thus a considerable subjective element in the visual assessment of right ventricular changes by angiography. This has important clinical implications for the diagnostic accuracy of qualitatively evaluated angiograms in arrhythmogenic right ventricular dysplasia, especially since right ventricular angiography is the standard method for assessing the diagnostic value of echocardiography and radionuclide angiography in this group of patients.78 The specificity of the angiographic features in arrhythmogenic right ventricular dysplasia is unknown. In addition, right ventricular angiographic abnormalities are not invariably present in these patients22'2" and the diagnosis may not be evident until a histological examination of myocardial tissue is obtained.225 The precise relation between the angiographic features and pathological features remains to be defined. These circumstances may have led some to reject the diagnosis of arrhythmogenic right ventricular dysplasia in patients with right ventricular tachycardia and angiographically proven right ventricular regional wall motion abnormalities unless confirmed by histological data. 2627 To sum up, the poor concordance and large differences within and between observers for some of the variables indicate the need for a more objective approach to the evaluation of angiographic changes in arrhythmogenic right ventricular dysplasia. Further work must be done to achieve quantitative standards for angiography. The irregular shape of the right ventricular chamber, however, makes calculations of volumes difficult and relies on geometric assumptions,2 particularly in patients with arrhythmogenic right ventricular dysplasia, who have regional wall motion abnormalities.
